Purpose The batch assay has been conventionally used for radioimmunoassay (RIA) because of its technical robustness and practical convenience. However, it has limitations in terms of the relative lag of report time due to the necessity of multiple assays in a small number of samples compared with the random assay technique. In this study, we aimed to verify whether the random assay technique can be applied in RIA and is feasible in daily practice. Methods The coefficients of variation (CVs) of eight standard curves within a single kit were calculated in a CA-125 immunoradiometric assay (IRMA) for the reference of the practically ideal CV of the CA-125 kit. Ten standard curves of 10 kits from 2 prospectively collected lots (pLot) and 85 standard curves of 85 kits from 3 retrospectively collected lots (Lot) were obtained. Additionally, the raw measurement data of both 170 control references and 1123 patients' sera were collected retrospectively between December 2015 and January 2016. A standard curve of the first kit of each lot was used as a master standard curve for a random assay. The CVs of interkits were analyzed in each lot, respectively. All raw measurements were normalized by decay and radioactivity. The CA-125 values from control samples and patients' sera were compared using the original batch assay and random assay. Results In standard curve analysis, the CVs of inter-kits in pLots and Lots were comparable to those within a single kit.
Introduction
The radioimmunoassay (RIA) is an in-vitro assay that measures the concentration of a substance using radioisotopes and immunological principles [1, 2] . An immunoradiometric assay (IRMA) is the most common RIA technique, which generally uses a sandwich method comprised of the first and second antibodies labeled with radioisotopes and binding to the substance of concern [3, 4] . These methods have high sensitivity and specificity inherited by the characteristics of radioisotopes; the serum concentration of a small amount of hormone or tumor marker can be measured very accurately [5, 6] .
A standard curve is acquired using multiple samples with known concentrations as calibrators in most quantitative assays in order to determine the concentration of an unknown sample by interpolation on the graph. The standard curve can be used as long as the measurement conditions do not change. Conventionally, RIA uses the batch assay technique for the precise standard curve; standard curves are obtained in every batch of measurements. A batch assay is advantageous for control over measurement errors from differences between kits and batches such as the decay of the radiotracer, radioactivity of the tracer, incubation time, and laboratory conditions, whereas the random assay, which usually obtains a standard curve once, needs relatively more meticulous quality controls.
Although the RIA using the batch assay technique is technically robust and easy to develop and perform, it needs the additional step of acquiring the standard curve and usage of standard samples in every batch measurement. This requires a relatively longer turnaround time and more resources in the setting of frequent and small amount requests [7] . If a standard curve of the IRMA kit can be used during a longer time interval such as once a lot, the random assay technique could be applied to the conventional IRMA kit.
A previous study conducted by Moon et al. showed that the first standard curve of a day could be used throughout the whole a day for an IRMA item. For the next step, we intended to verify whether a single master standard curve for all kits within the same lot number could be obtained and thereby whether a random assay using it is possible in the IRMA kit.
CA-125 is the most frequently used biomarker for ovarian cancer. The serum concentration of CA 125 is measured to detect a possible recurrence or response to therapy. The IRMA and RIA for CA 125 have high sensitivity and specificity [8] [9] [10] . CA-125 is the most commonly performed IRMA item at our institute. It was assumed to be the most appropriate item for this study. In this study, we analyzed standard curves from the 85 CA-125 IRMA kits of three lots. The raw measurement data of 170 control samples and 1123 patients' sera with decay and tracer radioactivity normalization were analyzed based on batch and random assays. The comparability between both methods was assessed in CA-125 IRMA.
Materials and Methods

Materials
Eight standard curves were obtained within one CA-125 immunoradiometric assay (IRMA) kit (Fujirebio Diagnostic Inc., Budapest, Hungary). Ten standard curves of ten kits were obtained from two prospectively collected lots (pLot) in CA-125 IRMA. Eighty-five standard curves of 85 kits were obtained from 3 retrospectively collected lots (Lot). Each standard curve was obtained from the first batch in each kit. Five kits of pLot1, 5 kits of pLot2, 37 kits of Lot1, 21 kits of Lot2, and 27 kits of Lot3 were analyzed, respectively. Additionally, the raw measurement data from both the 170 control references and 1123 patients' sera were retrospectively collected between December 2015 and January 2016 in Lots. The raw measurement data of patients' sample were composed of 461 patients' sera (Lot1), 288 patients' sera (Lot2), and 374 patients' sera (Lot3), respectively.
The kits from Lot1, Lot2, and Lot3 were used for 12, 10, and 12 days, respectively. Each kit was composed of standard reference samples with six different concentrations (0, 15, 30, 80, 200, and 500 U/ml) and control reference samples with low/ high concentrations [49 (41-56) U/ml, 96 (83-113) U/ml].
All kits were stored in the refrigerator between 2 and 8°C, and the laboratory room was kept at 15-25°C during all measurements. Other conditions of procedures were followed according to the Korean Nuclear Medicine Recommendations. All measurements were performed complying with the assay procedure provided by the manufacturing company. All raw measurement data were retrieved from a gamma counter (Gamma 10, Shin Jin Medics MC, Goyang, Korea) and the quality control records. The gamma counter holds all the raw measurement data in counts per minute (CPM) and the actual value of the samples, controls, and standard references in U/ml for over 2 years. This study was exempted from approval by the institutional review board at our center.
Method
We evaluated the standard curves of the IRMA for the establishment of a master curve of a conventional IRMA kit and validated the efficacy of the random assay technique compared with the original batch assay results in practice. The processes of this study are shown schematically in Fig. 1 .
Standard Curve Analysis
The coefficients of variation (CVs) of the raw measurement count in eight standard curves within a single kit were calculated for the reference of the practically ideal CV of the CA-125 IRMA kit. All raw measurement counts of standard samples from the second, third, fourth, and fifth kit in pLot1 were normalized based on the counts of the standard sample of the first kit. All raw measurement counts of pLot2 were normalized by the same method. The normalization was performed by two steps, decay correction and radiotracer correction. The decay correction was performed based on the manufactured day, and the ratio of tracer radioactivity of each kit based on that of the first kit was multiplied in all counts. The standard curves from pLot1 and pLot2 were drawn graphically and compared with each other before and after normalization (Fig. 2 ). Using these data, the CVs of inter-kits were evaluated in pLot1 and pLot2, respectively (Table 1 ). For analysis of Lots, the ratio of tracer radioactivity between kits was compared with the ratio of the value of standard reference measurements, which was calculated as the mean of the measurement count of the fourth and fifth standard reference sample in pLots.
The standard curves from 85 kits (Lot1, 2, and 3) were normalized in terms of the decay time and radioactivity ratio by the same normalization method. The radioactivity concentration of Lots could not be obtained. In cases of Lots, we used the ratio (0.82-1.09) of the measurement mean count of the fourth and fifth standard reference sample instead of the ratio of radiotracer activity. The standard curves were compared in terms of mean and CV, respectively ( Table 1) .
The CVs of standard curves in each lot were compared with those within a single kit, respectively.
Control Reference Sample Analysis
The value of control samples was obtained twice by an original batch assay and random assay using the first standard curve of the lot and normalized measurement counts. The 37 kits of Lot1, 21 kits of Lot2, and 27 kits of Lot3 were evaluated, respectively. For the batch assay, the value of the control samples was calculated based on each standard curve of each kit. In case of the random assay, the counts of control samples were normalized as per the method explained earlier in the BStandard curve analysisŝ ection. The value of each control sample was calculated based on a master standard, i.e., the first standard curve of each lot. The values of the mean and CV were extracted. Comparison between the batch assay and random assay was performed using the paired T test or Wilcoxon sign-rank test, respectively (Table 2) .
Patients' Sera Analysis
In order to evaluate the reliability of the batch assay and random assay using patients' sera data, values of patients' sera were calculated retrospectively by both methods. In the case of the batch assay, all the values were retrieved from the gamma counter. For the random assay, the values of the patients' sera were retrospectively calculated with the normalized measurement data using the previously explained normalization method.
The reliability between the batch assay and random assay within one lot was evaluated using the intra-class correlation coefficient (ICC) and Pearson's correlation [11] (Table 3) . Bland-Altman plots were obtained (Fig. 3) .
Statistical Analysis
The statistical analyses were performed using SPSS software (version 22.0; SPSS Inc., Chicago, IL, USA) and Matlab 7.0.4 (Mathwork Inc., Natick, MA, USA).
Results
Standard Curve Analysis
The CVs of eight standard curves within a single kit were 9.11, 10.81, 5.76, 6.42, 4.45, and 4.73 %, respectively, at each concentration (0, 15, 30, 80, 200, 500 U/ml, n = 8). The CVs of inter-kits were 1.29 %, 4.02 %, 3.04 %, 3.45 %, 1.71 %, 2.11 % in pLot1 and 5.04 %, 5.99 %, 6.82 %, 2.59 %, 1.06 %, 0.44 % in pLot2, respectively, at each concentration (0, 15, 30, 80, 200, 500 U/ml, n = 5). The CVs of inter-kits in pLot1 and 2 were comparable to those within a single kit after normalization. The CVs of inter-kits were 20.86 %, 6.15 %, 4.71 %, 2.20 %, 0.65 %, 0.64 % in Lot1, 15.60 %, 5.87 %, 5.09 %, 2.09 %, 0.74 %, 0.76 % in Lot2, and 17.76 %, 5.91 %, 5.11 %, 3.34 %, 2.24 %, 1.85 % in Lot3. The CVs of standard reference samples of Lot1, 2, and 3 were comparable to those within a single kit except the standard sample of 0 U/ml after normalization.
The means between pLot1 and pLot2 were different in all concentrations of standard reference samples (p < 0.01). The Fig. 1 Schematic diagram of the study: For assessment of the standard curve as master curve, the CVs of standard curves within a single kit (intra-kit) were compared with each other (inter-kit; pLot1-2 and Lot1-3). For the next step, the master curve was applied to a conventional CA-125 IRMA kit and then batch and random assay techniques were compared in control samples and patients' sera after normalization means within the same lot number were not different after normalization (p > 0.05) ( Table 1 , Fig. 2 ). In the same context, the means between different lot numbers were significantly different in all standard samples of Lot1, 2, and 3 (one-way ANOVA p = 0.00). After normalization, no statistical difference was noted within the same lot number (P > 0.05).
The ratio of tracer radioactivity was very similar to the ratio of the value of standard reference measurements in pLot1 and 2 (pLot1 R 2 = 0.944, pLot2 R 2 = 0.938). The ratio of standard reference measurements was used for the normalization of Lot1, 2, and 3.
Control Reference Sample Analysis
The values of control samples were compared between the original batch assay and our random assay method. No Table 2) .
Patients' Sera Analysis
Intra-class correlations of the values by batch assay and random assay of real patients' sera were satisfactory. The ICC between the batch assay and random assay were 0.999 (Lot1), 0.995 (Lot2), and 0.998 (Lot3). The coefficients of correlation between the batch assay and random assay were 0.999 (Lot1), 0.996 (Lot2), and 0.998 (Lot 3) (p = 0.00) without normalization. After normalization, the ICCs between the batch assay and random assay became better. The ICCs between the batch assay and random assay were 1.00 (Lot1), 0.999 (Lot2), and 1.00 (Lot3). The coefficients of correlation between the batch assay and random assay were 1.000 (Lot1), 1.00 (Lot2), and 1.00 (Lot3) (p = 0.00). The ICC values and coefficient of correlation were more improved after normalization in all analyses ( Table 3 ). The Bland-Altman plot showed the agreement of two measurements by both assays (Fig. 3 ). There were no differences between the two methods using patients' sera.
Discussion
In this study, we aimed to verify whether the obtained single master standard curve could be used and thereby the random assay could be used in daily practice. If an ideal master standard curve is obtained in the IRMA kit and can be used during longer time intervals such as once a lot, we can increase the flexibility of the RIA and decrease the turnaround time using the random assay technique. We successfully validated the possibility of application of a master standard curve. The CVs of standard reference samples of inter-kits in each lot were comparable to those within a single kit. It was suggested that the standard curves within the same lot number are as homogeneous as the standard curves of a single kit. Therefore, the single master curve can be applied to the measurements within the same lot number.
In this study, all counts of raw measurements were normalized by the decay and radioactivity concentration. The counts were affected by decay, considering the half-life of I-125, which is 60.14 days. The variation of standard curves was found not only in measurements done on different days but also those on the same day. It is suggested that there was a certain variation of standard curves other than the variation by the decay of tracer. We measured the tracer radioactivity of each kit, and different radioactivity values were observed between the kits of the same lot number. For these reasons, all raw measurement counts were normalized using tracer radioactivity as well as decay. The mean counts of standard samples within the same lot number were not statistically different after normalization.
The random assay can possibly obtain as precise a result as the batch assay. The analyses of pLots and Lots were consistent with each other. In the control sample analysis, the CVs from the random assay were similar to those from the batch assay, and the CVs of both techniques were below 10 %, which all were assumed to be acceptable [12] [13] [14] . The random assay showed strong agreement with the batch assay in patients' sera. Furthermore, the ICCs between the batch assay and random assay using patients' sera were improved after normalization. It is suggested that we can apply the random assay technique instead of the batch assay.
This study has several limitations. The radioactivity concentration could not be obtained in retrospectively collected Lot1, 2, and 3. We used the ratio of the mean of measurement counts of the fourth and fifth standard reference sample instead of the ratio of radiotracer activity. The value of the range from between 0.82 and 1.09 was multiplied in all counts of Lot1, 2, and 3 after decay correction. However, the ratio of radioactivity was very similar to the ratio of the value of the standard reference measurements in pLots. In this context, the ratio of radioactivity in Lots can be assumed from the value of the range from between 0.82 and 1.09. Therefore, the analysis of Lot1, 2, and 3 could be performed. Fig. 3 The random assay showed strong agreement with the batch assay in the analysis of patients' sera
The CV value of standard reference samples of 0U/ml was high, above 10 % in Lot1, 2, and 3. It has low counts so that it can be influenced by the laboratory conditions. In our department, since the in-vivo imaging facility is close to the laboratory, the count value of the background might have been affected. Using additional shielding material can improve the CV of standard reference samples of 0U/ml.
Because we used one lot during only 10-12 days and only analyzed CA-125 IRMA, the strong agreement between the batch assay and random assay can be applied only to IRMA during 10-12 days. It could not be applied in the smallvolume hospital using fewer kits. If additional research choosing other items that uses RIA items or a single lot for a long period is performed, it could be seen whether applying RIA items or using a single lot for a longer time is possible.
Conclusion
The random assay can be successfully applied to the conventional CA-125 IRMA kits. The random assay showed strong agreement with the batch assay in the analysis of control samples and patient sera. The random assay using a master standard curve was comparable to the original batch assay and could increase the flexibility and decrease the turnaround time of the radioimmunoassay technique.
